The persistent plausibility of protein synthesis in the nucleus: process, palimpsest or pitfall?  by Pederson, Thoru
Current Comments
The persistent plausibility of protein synthesis in the nucleus:
process, palimpsest or pitfall?§,§§
Thoru Pederson
Current Opinion in Cell Biology 2013, 25:520–521
Available online 16th July 2013
0955-0674/$ – see front matter, # 2013 Elsevier Ltd.
All rights reserved.
http://dx.doi.org/10.1016/j.ceb.2013.06.006
Thoru Pederson
University of Massachusetts Medical School,
Worcester, MA, USA
e-mail: thoru.pederson@umassmed.edu
Thoru Pederson works on the functional
organization of the nucleus, with emphasis
on RNA processing, nuclear RNA-protein
interactions and novel functions of the
nucleolus. He is the Arnett Professor of Cell
Biology and Professor of Biochemistry and
Molecular Pharmacology at the University of
Massachusetts Medical School. His interest
in the nucleus was triggered as a graduate
student at Syracuse University and
accelerated when he was a post-doc in the
Department of Cell Biology at Albert Einstein
College of Medicine. Prior to joining the
University of Massachusetts Medical School,
he was at the Worcester Foundation for
Biomedical Research.
Current Comments are a rapid outlet for scientific
opinions on a topic of general interest.
The now-widely accepted endosymbiotic hypothesis, which proposes that
chloroplasts and mitochondria originated from incorporated single-cell organ-
isms, was a milestone in the modern era of biology [1]. The proponent of this
revolutionary idea subsequently posited that the nucleus (as well as the basal
bodies that organize cilia) also had an endosymbiotic origin. If this ‘karyo-
mastigont’ or other hypotheses for the origin of the nucleus are correct, the
incoming organism would have arrived with complete translation equipment
and there is no obvious reason to think this machinery would not have been
subject to positive selection. In extant eukaryotes, all of the machines of
translation, viz. the 60S and 40S ribosomal subunits, the 5S rRNA ribonu-
cleoprotein complex, as well as the signal recognition particle, are built within
the nucleus [2]. Thus, they co-exist therein for some finite dwell time along
with spliced mRNAs. Transfer RNAs are also present in the nucleus, having
been synthesized there, and in at least some cases are present in aminoacy-
lated form [3]. Moreover, translation initiation and elongation factors are
present in the nucleus [2]. Thus, one might not be thought a contrarian to ask:
why would there indeed not be some protein synthesis in the nucleus?
Early work on this question with isolated nuclei was largely dismissed due to
unresolved issues of cytoplasmic contamination [4]. The laboratory of Alfred
Mirsky at Rockefeller University turned these experiments into a cottage
industry but the work never got traction in the guild. Little more progress
occurred for two decades thereafter although great strides were made in the
nuclear phase of RNA biosynthesis as well as in the overall relationships
between nuclear structure and function. Then, in 2001, Peter Cook and
colleagues at Oxford published a paper that advanced the evidence for nuclear
protein synthesis, mainly by introducing more rigorous controls for minimal
cytoplasmic contamination of the nuclei than had been employed before [5].
But this paper was not sufficient to change the overall mindset [6–8] and one of
these oppositional critiques included a blistering empirical dissection via yet
more new controls and data [8]. One dialectic issue in the Cook paper [5] was
the claim that not only is there nuclear protein synthesis but that it must be
transcription-linked, as in prokaryotes. I once asked him why he held so
strongly to this. He replied: ‘If nuclear translation is not transcription-linked, it
cannot be that interesting.’ I went away thinking—yes, that’s right.
More recently there has come onto the scene a paper that employed
puromycin tagging and detection to presumably report ongoing protein
synthesis in the nucleus [9]. Puromycin is an aminoacyl-tRNA mimic that
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incoming aminoacyl-tRNA is at the door and thus poly-
peptide elongation stops. The assumption in the recent
study is that puromycin insertion labels a penultimate
step in the peptidyltransferase center of translationally
active ribosomes. One question is whether in this method
puromycin is behaving according to the textbook picture
of how this antibiotic works. To make this point, let us
erect the null hypothesis that there is no translation (i.e.,
no mRNA-templated, tRNA-codified, ribosome-cata-
lyzed sequential step-by-step amino acid polymerization)
in the nucleus. That postulate given, one needs to face
the fact that puromycin can tag non-translating ribo-
somes, since it has avidity for the A site of the large
subunit even when translation is not underway. 40S and
60S ribosomal subunits are prevalent in the nucleus as
they exit the nucleolus and transit through the nucleo-
plasm on their way out. This caveat points out the
enormous challenge of trying to make a convincing case
for nuclear translation. All the key components are there,
moving around by diffusion [10] and by collision prob-
ability considerations alone there might rarely or even
often be an initiation step on a passing mRNA and even
some elongation [11]. Meanwhile, puromycin-based
methods for in situ detection of translation sites in the
cell have been challenged [12,13].
As always, we should ponder these findings in the context
of evolution. Following the initial endosymbiotic event
most of the chloroplast and mitochondrial genes, having
previously evolved as the genomes of other cells, were
probably subject to an initial era of crashing purifying
selection. If the nucleus also arose via an endosymbiotic
merger, the same initial disharmony would have likely
been the case. But the thing about selection in the context
of endosymbiosis is that the event was not Darwin’s
perceived gradualism. Rather, it would have been a
sudden, shocking event for those pioneer, bi-organelle,
bi-genomic cells. An incoming creature that could have
become the nucleus might have been forced to give up
any translational activity, modify it, or retain it at full
bore—we cannot imagine which of those scenarios would
have prevailed (assuming that the nucleus as endosym-
bioant idea is even right in the first place, which it may not
be). This, like many other steps in the evolution of the
Eukarya, is a place where we would give almost anything
to be able to play back a videotape. In any case, it seems
entirely plausible that some vestigial protein synthesiswww.sciencedirect.com still occurs in the nucleus of extant eukaryotes, a palimp-
sest left from an earlier time. Thus, a properly circum-
spect statement at present would be to say that the
evidence for protein synthesis in the nucleus is still not
sufficient to satisfy most molecular and cell biologists but
nor is this accumulated evidence dismissible on first
principles. One might round out this consensus statement
by adding that the recently introduced puromycin tagging
method [9], certainly a potentially powerful tool, is still
undergoing scrutiny [12,13]
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